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Edited by Horst FeldmannAbstract Borrelia burgdorferi and other spirochetes contain a
class I lysyl-tRNA synthetase (LysRS), in contrast to most
eubacteria that have a canonical class II LysRS. We analyzed
tRNALys recognition by B. burgdorferi LysRS, using two com-
plementary approaches. First, the nucleotides of B. burgdorferi
tRNALys in contact with B. burgdorferi LysRS were determined
by enzymatic footprinting experiments. Second, the kinetic
parameters for a series of variants of the B. burgdorferi tRNALys
were then determined during aminoacylation by B. burgdorferi
LysRS. The identity elements were found to be mostly located
in the anticodon and in the acceptor stem. Transplantation of
the identiﬁed identity elements into the Escherichia coli tRNAAsp
scaﬀold endowed lysylation activity on the resulting chimera,
indicating that a functional B. burgdorferi lysine tRNA identity
set had been determined.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Aminoacyl-tRNA synthetases (aaRSs) catalyze the attach-
ment of a given amino acid to the corresponding tRNA, pro-
viding the ribosome with the aminoacyl-tRNAs essential for
protein synthesis [1]. The speciﬁcity with which an aaRS can
select its cognate amino acid and tRNA substrates from the
amino acid and tRNA pools, determines the overall accuracy
of the translation process [2]. In the course of evolution, the
aaRSs have acquired diﬀerent speciﬁcity mechanisms that pre-
vent selection of non-cognate substrates [3]. Selective recogni-
tion of the cognate tRNA relies on the presence of nucleotides
either promoting (identity elements) or deterring (antidetermi-
nants) the interaction of the tRNA molecule with an aaRS.
The sum of all the contributions allows a tRNA to be recog-
nized and charged by a given aaRS. The nucleotides that deter-
mine the identity of a tRNA constitute the identity set of that
particular tRNA. As a large number of identity sets for the
tRNAs of a variety of organisms have been worked out by bio-*Corresponding author. Fax: +33 3 88 60 22 18.
E-mail address: r.giege@ibmc.u-strasbg.fr (R. Giege´).
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on how aaRSs recognize their cognate tRNAs is emerging (re-
viewed in [4,5]). Speciﬁc recognition of a tRNA by its synthe-
tase is a complex combination of direct chemical interactions
and structural requirements.
Lysyl-tRNA synthetase (LysRS) is the only synthetase to ex-
ist both as a class I and a class II aaRS [6]. The class I enzyme
is found in most of the archaea and in some eubacteria,
whereas the class II counterpart is present in all the eukarya,
many eubacteria and a handful of archaeal species [7–9]. Bio-
chemical studies showed that both class I and class II LysRSs
recognize U35 and U36 of the anticodon, and to a lesser extent
the discriminator base (N73) [8–10]. While a large body of
information on tRNALys recognition by the class II LysRS en-
zymes currently exists [11–15], our knowledge on class I Lys-
RSs is still limited. Therefore, we decided to investigate
tRNA recognition by a class I LysRS by probing the
tRNALys/LysRS complex in footprint experiments and by
determining the kinetic parameters in aminoacylation of a ser-
ies of tRNALys mutant molecules.2. Material and methods
2.1. General
Oligonucleotides synthesis and DNA sequencing were performed by
the Keck Foundation Biotechnology Resource Laboratory at Yale
University. [3H]L-lysine (78 Ci/mmol) and [3H]L-alanine (47 Ci/mmol)
were from Amersham Biosciences.
2.2. Protein preparation
Borrelia burgdorferi LysRS was prepared as described before [7].
Carboxy-terminus His6-tagged recombinant Escherichia coli alanyl-
tRNA synthetase (AlaRS) and His6-tagged recombinant T7 RNA
polymerase were prepared using Ni–NTA technology.
2.3. Cloning and in vitro transcription of the tRNALys substrates
tRNA genes for in vitro T7 RNA polymerase transcription were
cloned by annealing of two DNA oligonucleotides and direct ligation
into pUC18 plasmid using BamHI and HindIII restriction sites. A
ribozyme sequence was included at the 5 0-end of the few tRNALys
genes starting with an unfavored base as a result of the mutation.
The clones were transformed into DH5a, sequenced and ampliﬁed.
The 3 0-end of the transcription template was digested overnight with
BstNI at 60 C. In vitro T7 RNA polymerase run oﬀ transcription
and ribozyme cleavage were conducted according to standard proce-
dures [16,17]. tRNALys transcripts were puriﬁed on a denaturing
12% polyacrylamide gel and recovered by electroelution (Elutrap,
Schleicher and Schuell), followed by desalting on a Nap-5 Columnblished by Elsevier B.V. All rights reserved.
Table 3
Kinetic parameters of lysylation of transplanted tRNAs
tRNAsa Plateau (%) KM (lM) kcat (s
1) L
tRNALys(UUU) (wt) 100 2.0 0.34 1
tRNAPhe(GAA) (wt) <1 – – –
tRNAPhe(UUU) <1 – – –
tRNAPhe(UUU)(G2–U71) <1 – – –
tRNAPhe(UUU)(G2–U71;
G3–C70)
25 n.d. n.d. n.d.
tRNAAsp(GUC) (wt) <1 – – –
tRNAAsp(UUU) <1 – – –
Asp(UUU)
2630 A. Ambrogelly et al. / FEBS Letters 579 (2005) 2629–2634(Pharmacia Biotech). The integrity of each tRNALys mutants was
judged on 12% polyacrylamide gel. The concentration of the tRNAs
was determined by measuring the absorbance at 260 nm.
2.4. Aminoacylation and determination of kinetics parameters
Aminoacylation reactions were conducted in a buﬀer containing
50 mM HEPES–KOH, pH 7.2, 15 mM MgCl2, 75 mM KCl, 10 mM
ATP, 5 mM DTT, 20 lM [3H]L-lysine, variable concentration of
B. burgdorferi LysRS (50 nM to 1 lM) and between 0.5- to 5-times
KM concentrations of tRNA
Lys variants. Kinetic parameters represent
an average of at least two independent experiments. Standard errors on
the values in Tables 1–3 are less than 20%.Table 1
Kinetic parameters of lysylation of B. burgdorferi tRNALys variants by
B. burgdorferi LysRS (anticodon branch and variable pocket variants)
tRNAs KM (lM) kcat (s
1) La
wt 2.0 0.340 1
Anticodon
U34C 2.0 0.400 0.9
U34G 2.5 0.400 1.1
U34A 2.5 0.300 1.4
U35C 5.0 0.009 100
U35G 10.0 0.030 50
U35A 5.0 0.005 170
U36C 6.0 0.013 80
U36G 5.0 0.018 47
U36A 6.6 0.013 90
Variable pocket
G16U 1.2 0.100 2.0
G16C 3.3 0.200 2.8
G59A 2.0 0.380 0.9
Anticodon stem
Exchange with E. coli tRNALys stem 5.0 0.140 6.1
aL refers to the loss in aminoacylation eﬃciency compared to the wild-
type; L is calculated as the ratio [kcat(wt)/KM(wt)]/[kcat(mut)/KM(mut)].
Table 2
Kinetic parameters of lysylation of B. burgdorferi tRNALys variants by
B. burgdorferi LysRS (acceptor branch variants)
tRNAs KM (lM) kcat (s
1) L
Discriminator base
C73 2.0 0.028 12
G73 2.1 0.036 10
U73 2.2 0.034 11
Position of the G–U pair
G2–U71 (wt) 2.0 0.340 1
G1–U72 2.5 0.020 21.3
G3–U70 n.d. n.d. > 1000
G5–U68 2.0 0.005 68
U3–G70 n.d. n.d. > 1000
Mutation of 2–71 and 3–70 pairs
G2–C71 1.6 0.008 34
C2–G71 2.0 0.010 35
A2–U71 2.2 0.019 20
U2–G71 2.5 0.026 16
C3–G70 2.5 0.069 6.1
A3–U70 1.8 0.048 6.3
Mutation of 4–69 and 5–68 pairs
U4–A69; C5–G68 2.0 0.050 6.8
n.d. indicates that the kinetic parameters for the given variants were
not determined because of to small acceptor activity; L refers to the
loss in aminoacylation eﬃciency compared to the wild-type (see Table
1 for L deﬁnition).
tRNA (G2–C71) <1 – – –
tRNAAsp(UUU)(G3–C70) <1 – – –
tRNAAsp(UUU)(G2–U71;
G3–C70; A73)
100 3 0.24 2.1
aAnticodon residues (wt or transplanted) are given in superscript; other
mutations are indicated afterwards; (–) indicates that the kinetic
parameters for the given variants could not be determined because of
to small acceptor activity; n.d. indicates that the kinetic parameters
were not determined; L refers to the loss in aminoacylation eﬃciency
compared to the wild-type tRNALys (see Table 1 for L deﬁnition).2.5. tRNA footprinting with S1, V1 and T1 nucleases
Borrelia burgdorferi tRNALys transcripts were radiolabeled at the
5 0-end using T4 PNK as previously described [17]. Partial digestions
of B. burgdorferi tRNALys with nuclease S1, V1 and T1 were done in
aminoacylation buﬀer containing 50 mM HEPES–KOH buﬀer, pH
7.2, 75 mM KCl, 15 mM MgCl2 and 1 mM ZnCl2 (only for RNase
S1 digest) for 10 min on ice. Each reaction was performed in a total
volume of 25 ll in the presence of 0.25 lM tRNA, 5 0-end-[32P]labeled
tRNALys (100000 Cerenkov counts) and either 50 U of RNase S1,
5 · 102 U of RNase T1 or 5 · 103 U of RNaseV1 in the absence or
the presence of 20 lM B. burgdorferi LysRS. Reactions were stopped
by addition of 1 vol. of ‘‘Stop Mix’’ (0.6 M NaOAc, 4 mM EDTA,
0.1 lg/ll total E. coli tRNA), followed by a phenol/chloroform
extraction and ethanol precipitation. Radioactive samples were
washed with 70% ethanol, dried and quantiﬁed before being solubi-
lized in loading buﬀer (20%, w/v, sucrose, 8 M urea and 0.5%, w/v,
dyes), and subsequently electrophoresed on 15% polyacrylamide gel.
Signal analysis and quantiﬁcation were done on a FUJIX Bio-Imag-
ing Analyzer.3. Results
3.1. Comparison of tRNALys sequences
Comparison of tRNALys sequences suggests a clear separa-
tion between the eukaryal/archaeal tRNALys species on one
hand and the eubacterial tRNALys species on the other [18].
A number of diﬀerences are particularly striking (Fig. 1):
the discriminator base is well conserved among archaea
(G73) and in the eubacteria (A73); the D-loop is normally
composed of nine nucleotides in archaea while only eight
are usually present in eubacteria; nucleotides at position 26
are well conserved in archaea (G26) and in eubacteria
(A26); the D-stem and the variable loop are quite conserved
among tRNALys from all domains. Importantly, no obvious
features can be identiﬁed in tRNALys that might be indicative
of the presence in the corresponding organism of either a
class I or a class II LysRS. Similarly, no correlation can be
found between the number of tRNALys isoacceptors and
the presence of a particular form of LysRS. For instance,
Methanocaldococcus jannaschii has a class I LysRS and only
tRNALys(UUU), B. burgdorferi has also a class I LysRS but
both tRNALys(UUU) and tRNALys(CUU), while E. coli has a
class II LysRS and only tRNALys(UUU).
Fig. 1. Alignment of tRNALys sequences from archaeal and eubacterial organisms. M. jannaschii (M.jan), Methanococcus maripaludis (M.mar),
Methanobacterium thermoautotrophicum (M.the), Sulfolobus solfataricus (S.sol), Borrelia burgdorferi (B.bur), Treponema palladium (T.pal), Ricketsia
prowazekii (R.pro), Escherichia coli (E.col),Haemophilus inﬂuenzae (H.inf) and Human (H.sap). The domain of life to which belongs a cited organism
is indicated by a bold letter (A for archaea, B for eubacteria and E for eukarya) and the nature of its LysRS (CI KRS for class I LysRS and CII KRS
for class II LysRS) is given. The secondary structure of the tRNA is represented (< > indicates nucleotides in double stranded regions,  indicates
single stranded regions, Acc and Ac stand for acceptor and anticodon, respectively); the nucleotides of the wobble pair G2–U71 are underlined;
discriminator nucleotides are indicated in bold.
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mutations
Enzymatic footprints (S1,V1 and T1) of the B. burgdorferi
LysRS in a complex with cognate tRNALys (Fig. 2) indicated
protection in the anticodon region of the tRNA (against S1
cleavage). In contrast, the double-stranded anticodon stem is
exposed to nuclease V1 when the tRNA molecule is boundFig. 2. Enzymatic probing of the B. burgdorferi tRNALys in complex with B.
gels of 5 0-end labeled tRNALys transcripts partially digested with S1 (cut in s
Gs in single stranded regions) nucleases in the presence (+) or the absence ()
presence of ZnCl2, respectively. (B) L-shaped representation of the B. bur
contacting LysRS are indicated by arrows. Possible secondary interactions (to LysRS. In addition to the anticodon, contacts in the D-loop
could also be detected (position 16 in the variable pocket).
Nucleotides in the T-loop of tRNALys (positions 57–59) seem
also to be protected against nuclease cleavage (S1 and T1)
upon tRNA binding to the B. burgdorferi LysRS.
Guided by the results of these footprint experiments, we
decided to construct and transcribe a series of B. burgdorferiburgdorferi LysRS. (A) Autographs of 15% polyacrylamide denaturing
ingle stranded regions), V1 (cut in double stranded regions), T1 (cut at
of LysRS. C1 and C2 represent negative controls in the absence and the
gdorferi tRNALys with the wobble pair G2–U71 boxed. Nucleotides
based on yeast tRNAPhe structure) are represented as dashed lines.
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The anticodon nucleotides (U34, U35 and U36) were indepen-
dently changed for the three other possible nucleotides. Since
the footprint experiments also suggested possible contacts in
the variable pocket of the tRNA molecule, we therefore mu-
tated two positions (16 and 59) in this region of the tRNA.
These variant tRNAs were assayed, in aminoacylation, for
their ability to be charged with lysine.3.3. Eﬀect of mutations in the anticodon loop and in the variable
pocket on lysylation
Independent mutation of the three anticodon residues to
any of the three other nucleotides conﬁrmed the interaction
of this tRNA region with LysRS (Table 1). As previously re-
ported [10], no speciﬁc recognition of U34 occurs. This obser-
vation is consistent with the fact that two tRNALys
isoacceptors, with anticodons UUU and CUU, are present
in B. burgdorferi. Replacement of U35 by any other base re-
sulted in a signiﬁcant decrease in aminoacylation eﬃciency
with a loss ranging from 50- to 170-fold. A signiﬁcant eﬀect
was also observed when mutating U36 (loss from 47- to 90-
fold). In both cases, replacement of U by A or C resulted
in the most severe eﬀects whereas the decreases in aminoacy-
lation eﬃciency observed when the U was mutated to G were
signiﬁcantly smaller.
Transfer RNA molecules adopt a conserved ‘‘L-shaped’’ ter-
tiary structure. This mode of folding brings the D-loop and the
T-loop into close proximity. A number of nucleotides from
these two loops are involved in intramolecular interactions
that stabilize the tRNA molecule [19]. Some others nucleotides
(G16, U17, U20, G59 and U60) are exposed to the solvent and
therefore are available for speciﬁc interaction with the synthe-
tase. Mutation of G–A at position 59 did not aﬀect the amino-
acylation eﬃciency (Table 1). The nucleotide at position 16
was also mutated, based on possible interaction with the
class I LysRS detected in enzymatic footprint experiments.
However, replacement of this G with either U or C did not re-
sult in a decrease in aminoacylation eﬃciency. While contacts
have also been observed between position 16 of E. coli tRNAGlu
and E. coli tRNAGln with their corresponding cognate synthe-
tases, mutation of the nucleotides at this position in both sys-
tems also did not yield any eﬀect on the aminoacylation
eﬃciencies [20–22]. It is therefore possible that nucleotide 16
in all these tRNAs (Gln, Glu and Lys) is not speciﬁcally recog-
nized, but instead serves as an anchor onto the three class Ib
synthetases.
The sequence of B. burgdorferi tRNALys(UUU) suggested its
anticodon stem might be signiﬁcantly more stable than that
of E. coli tRNALys (Fig. 1). This stem is composed of four
consecutives G–C base pairs and one G–U pair at the top of
the stem. We therefore decided to exchange the anticodon stem
of B. burgdorferi tRNALys against that of E. coli tRNALys.
Three of the four G–C base pairs were replaced by A–U pairs
(C28–G42, C29–G41, C31–G39 changed to U28–A42, U29–
A41, A31–U39). These mutations in the anticodon stem had
minor eﬀects on aminoacylation eﬃciency (6-fold loss at most),
conﬁrming the absence of either any speciﬁc interactions in
that part of the tRNA or of any structural features linked with
the particularly G–C rich anticodon stem.
In conclusion, we found that the U residues at positions
35 and 36 of the lysine anticodon are crucial for lysylationof the tRNA and that neither the tested nucleotides of
the variable pocket nor the nucleotides of the anticodon
stem participate in tRNALys recognition by B. burgdorferi
LysRS.3.4. Eﬀect of mutations in the acceptor stem
In good accord with previous reports [10], mutation of the
discriminator base did not result in a dramatic decrease in
aminoacylation eﬃciency (Table 2). Moreover, mutation of
A73 to any other base yielded tRNA molecules equally
impaired in their amino acid acceptor activity (about 10-fold
lower).
All tRNALys genes found in spirochete genomes sequenced
to date contain a peculiar G2–U71 base pair in the acceptor
stem. We were interested to know how it could contribute to
recognition by class I LysRS. Inversion of the G2–U71 base
pair into a U2–G71 pair resulted in a 16-fold loss in aminoa-
cylation eﬃciency (Table 2). Re-establishing Watson–Crick
base pairs (G2–C71, C2–G71 or A2–U71) resulted in 34-, 20-
and 35-fold decreases in aminoacylation eﬃciency, respec-
tively. In all cases, the KM values remained unchanged and
only the turnover constants (kcat) were aﬀected.
Wobble pairs in the acceptor stem of a tRNA are not
uncommon. We therefore decided to place a G–U base pair
at diﬀerent positions in the acceptor stem of B. burgdorferi
tRNALys while reestablishing a Watson–Crick pair in the ori-
ginal position to see how it might aﬀect recognition by the
class I LysRS. Positioning the G–U pair at position 1–72 re-
sulted in a 21-fold loss of aminoacylation. This eﬀect corre-
lates well with the results obtained for reestablishing a
Watson–Crick pair at position 2–71 and therefore suggests
that the G–U pair at position 1–72, had no eﬀect on lysyla-
tion eﬃciency. This contrasts with results obtained when
the wobble G–U pair was placed lower in the stem, at posi-
tions 3–70 and 5–68. Positioning of the G–U pair at position
5–68 was not as detrimental as when placed at position 3–70,
since it resulted in a decrease of around 68-fold in aminoacy-
lation eﬃciency compared to the dramatic eﬀects when the
position 3–70 was mutated. In the particular case of position
5–68, the positioning of the wobble pair at this position
ampliﬁed the eﬀect seen for reestablishing the Watson–Crick
pair at position 2–71 (G2–C71). Indeed, maintaining G2–U71
while replacing C4–G69 and U5–A68 pairs by those present
in E. coli tRNALys (U4–A69 and C5–G68) only moderately
aﬀected aminoacylation.
Positioning a G–U wobble pair at 3–70 was both deleteri-
ous to lysylation and conferred alanine identity in vitro
(data not shown), while the wild-type B. burgdorferi
tRNALys could not be aminoacylated with alanine by E. coli
AlaRS (data not shown). In order to address whether this
dramatic eﬀect was due to speciﬁc base interactions, we re-
versed the original G3–C70 base pair into a C3–G70 pair
or converted it to an A3–U70 base pair. In both cases the
loss in lysylation eﬃciency was less than 10-fold. Crystal
structure analyses showed that G–C and A–U base pairs ex-
pose diﬀerent functional groups in the minor groove, the site
at which class I aaRSs generally interact with tRNA [23].
Since mutation of the G3–C70 base pair to A3–U70 did
not have much eﬀect on lysylation of the tRNA, it is likely
that the deleterious eﬀect observed upon introduction of
the G3–U70 base pair was due to a local distortion in the
A. Ambrogelly et al. / FEBS Letters 579 (2005) 2629–2634 2633structure of the acceptor helix and not to speciﬁc recognition
of bases at these positions.
Overall these ﬁndings indicate that the base pairs of the
acceptor stem participate in the identity of tRNALys when
aminoacylated by B. burgdorferi LysRS, although not as
strongly as positions 35 and 36 in the anticodon. Furthermore,
the structural context of the acceptor stem plays a role in iden-
tity, since a shift of the wild-type wobble pair G2–U71 to an-
other position in the stem can have dramatic eﬀects on
lysylation eﬃciency. Finally, in contrast to what has been ob-
served in many tRNA/aaRS systems where position 73 is crit-
ical [4,5,19], the discriminator base 73 plays only a marginal
role in lysine identity.
3.5. Transplantation of lysine identity elements into E. coli
tRNAPhe and tRNAAsp
To probe whether the B. burgdorferi tRNALys identity set
had been completely determined, we transplanted the nucleo-
tides we assumed were necessary for recognition by class I
LysRS into the E. coli tRNAPhe and tRNAAsp frameworks
that are inactive as such in lysylation. It is worth noting that
tRNAPhe, like tRNALys, has an A at discriminator position
73, in contrast to tRNAAsp that has a G at that position.
Replacement of the tRNAPhe anticodon (GAA) with that of
lysine (UUU) was not suﬃcient to detect lysylation of the chi-
meric tRNA (Table 3). In addition to the UUU anticodon, we
then installed the characteristic G2–U71 wobble pair in the
acceptor stem of a new chimeric tRNA. Despite the fact that
this tRNA contained all the identiﬁed lysine identity elements
it could not be lysylated by B. burgdorferi class I LysRS.
Lysylation of a chimeric tRNA could be achieved when in
addition to the previous mutations, the A3–U70 base pair
of tRNAPhe was replaced by the G3–C70 of B. burgdorferi
tRNALys (Table 3). Placement of the G3–C70 pair alone in
the acceptor stem, together with the UUU anticodon, of a
fourth chimeric tRNAPhe did not yield an active molecule,
conﬁrming results obtained in the context of the B. burgdor-
feri tRNALys. While not being per se part of the identity set
of the lysine tRNA, position 3–70 in the acceptor stem seems
to play an important role for lysylation by B. burgdorferi class
I LysRS.
Similar results were obtained when the lysine identity ele-
ments were transplanted into the framework of E. coli
tRNAAsp. Presence of the UUU anticodon with or without
a G3–C70 pair in the acceptor stem did not allow lysylation
of the chimeric tRNAAsp molecules. Wild-type aminoacyla-
tion kinetic parameters were observed only when, in addition
to the UUU anticodon, the discriminator base was changed
to the A present in wild-type B. burgdorferi tRNALys (and
E. coli tRNAPhe) and the second and third base pairs of
the acceptor stem were changed to G2–U71 and G3–C70,
repectively.4. Discussion
Class I and class II LysRSs are two evolutionary and
structurally unrelated amionacyl-tRNA synthetases. Despite
a dramatically diﬀerent topology of the active site and of
the anticodon binding domains, both class I and class II
LysRSs primarily recognize their cognate tRNA substrates
via speciﬁc interactions with the same anticodon bases:U35 and U36. However, a number of diﬀerences do exist be-
tween the two systems. The contribution of U36 to the iden-
tity set is more important in the class I system than for the
class II LysRS. U35 is suﬃcient to ensure lysylation of
tRNA by the class II E. coli LysRS as shown for a variety
of amber suppressor tRNAs [12,13]. While U35 remains the
primary recognition element, U36 is nonetheless particularly
important for B. burgdorferi and P. horikoshii LysRSs (this
work [9,10,24]). Functional analysis of a number of class I
LysRSs even showed that for some of them tRNALys is pri-
marily recognized through the uridine at position 36 [8,9].
Diﬀerences also exist in the mode of interaction with the
tRNA acceptor helix by the two LysRSs. Unlike for the
E. coli class II LysRS, transplantation of the lysine uridine
anticodon triplet in the framework of other tRNAs is not
suﬃcient to ensure in vitro lysylation of the resulting chi-
mera molecules by B. burgdorferi LysRS. In addition
to the lysine anticodon, transplantation of G2–U71 and
G3–C70 into the E. coli tRNAPhe and tRNAAsp framework
is required, suggesting a speciﬁc role for these bases in rec-
ognition by class I LysRS. G2–U71 is a secondary but posi-
tive element for recognition of the cognate tRNALys by B.
burgdorferi LysRS, while it was shown to negatively aﬀect
both in vitro and in vivo the aminoacylation of the tRNALys
by E. coli class II LysRS [10,25]. Both positive and negative
contributions of the G2–U71 pair of the acceptor stem to
the lysylation of tRNA by class I and class II respectively
are likely to be structural [12,13]. No base speciﬁc interac-
tions with B. burgdorferi class I LysRS were suggested from
mutation of the nucleotides of the acceptor stem. Similarly,
E. coli LysRS was able to aminoacylate a variety of tRNA
amber suppressors with a diﬀerent acceptor stem context,
indicating that no base speciﬁc interactions were required
for recognition of the tRNA by the enzyme. The opposite
eﬀect of the G2–U71 pair of the acceptor stem observed
on class I and class II systems may be the consequence of
the diﬀerent mode of approach of the tRNA by the two
classes of enzymes. Comparison of the docking model of
the recently solved crystal structure of P. horikoshii LysRS
onto E. coli tRNAGlu to the previously determined crystal
structure of the T. thermophilus class II LysRS in a complex
with its cognate tRNA conﬁrmed a classical mirror image
mode of tRNA binding [14,23]. The class II LysRS ap-
proaches the major groove of tRNALys, whereas the class I
enzyme would instead approach the minor groove side of
the acceptor helix. The structure of the acceptor stem in-
duced by the presence of the G2–U71 G3–U70 pairs may
help direct the CCA end to the active site of the class I
LysRS, where it contributes to the activation of lysine and
eventually is aminoacylated. While this acceptor stem struc-
ture is suitable for the B. burgdorferi LysRS it might not
be the case for the E. coli LysRS coming from the other side
of the helix, explaining the detrimental eﬀect of G2–U71 on
aminoacylation by class II LysRS.
In conclusion, while the two evolutionarily unrelated class I
and class II LysRSs have selected a similar primary recognition
mechanism for their cognate tRNA substrate, the diﬀerent
structures of the anticodon binding modules and the overall
diﬀerent tRNA binding modes can account for the diﬀerences.
Availability of a class I LysRS structure in complex with its
tRNA will in the future shed more light on the molecular inter-
actions between the two molecules.
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